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Improvement of the Erichsen Values of Titanium Sheets Using Various Cereal Flour Lubricants

Hirofumi YOSHIMURA, Toshifumi NISKIHARA, Toshitugu NoNisHI and Naoyoshi INOUCHI

Synepsis : The lubrication by various cereal flours, such as wheat flour, rice flour, and so on, was studied to develop a nonpolluting lubricant for sheet

metal forming. The lubricants were prepared in the following way. (1) Each cereal flour was dissolved in water at several concentrations. (2)

Each suspension was coated on a titanium sheet. (3) The specimens were dried and cereal particles, thus, remained on the both surfaces of a

specimen. The performance of these lubricants were evaluated by the Erichsen cupping test. Most of the flours show higher Erichsen values

than grease. Furthermore, the cereal particles on the deformed specimens were observed by scanning electron microscopy, and analyzed by

electron probe microanalyzer. The observations suggest that the starch particles covered with protein and lipid can reduce the friction be-

tween dies and a specimen.

Key words: Erichsen cupping test; sheet metal forming; lubricant; titanium sheet; suspension; starch particle; lipid; protein; cereal flours.
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Table 1. Tensile properties and surface roughnesses of a
titanium sheet.

Tensile properties Roughness
0.2% | Tensile
proof | strength | Elongation | Ave. Max.
stress (MPa) | (%) (gm) | (gm)
(MPa)
182 321 45.5 0.26 2.36
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Table 2. Composition of various cereals (mass%).
© Wheat flours

Carbo- . .
hydrate Protein | Lipid | Water | Ashes
Soft 75.9 80 | 17 | 140 | 04
flour
Hard 71.6 11.7 | 1.8 | 145 | 0.4
flour
Wheat | g¢ 4 02 | 05 | 131 @ 02
starch
@ Rice flours
Carbo® Protein | Lipid | Water | Ashes
hydrate P
Rice 77.9 6.5 13 | 140 | 03
flour
Rice 46.1 132 | 183 | 135 | 89
bran
Waxy
rice 79.1 6.9 1.3 12.5 0.2
flour
Rice 89.3 0.2 07 | 97 | o1
starch
@ Corn flours
Carbo- . .
hydrate Protein | Lipid | Water | Ashes
Corn A 75.0 6.6 2.6 14.0 0.7
Corn B 82.0 7.3 0.75 8.0 0.56
Corn | gg3 0.1 07 | 128 | 01
starch
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Fig. 1. Effects of the concentrations of wheat flours on the
Erichsen values of titanium sheets (Ti JIS-1).
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Fig. 2. Effects of the concentrations of rice flours on the
Erichsen values of titanium sheets (Ti JIS-1).
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Fig. 3. Effects of the concentrations of corn flours on the
Erichsen values of titanium sheets (Ti JIS-1).
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(a )Before Erichsen cupping test (b) After Erichsen cupping test
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Fig. 4. SEM micrographs of soft flour on the die-side surface of titanium sheets before and after the Erichsen cupping test.
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(a) The bottom face

(b) The side face

Fig. 5. SEM micrographs of soft flour on the punch-side surface of titanium sheets after Erichsen cupping test.
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(a) SEM image

(b) Carbon image
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L

(¢) Nitrogen image

Fig. 6. EPMA analysis of soft flour on the surface of a titanium sheet.
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Fig. 7. Schematic illustration of cereal flour lubrication.
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